The intensity of sexual selection depends on environmental conditions; factors such as predation risk and energy limitation determine the strength of mate choice and the intensity of sexual displays. Eutrophication of shallow coastal areas is changing the breeding habitats of the three-spined stickleback Gasterosteus aculeateus by increasing the growth of filamentous algae. Here I show that the density of breeding males is higher in habitats with a denser growth of filamentous algae, but the variation in egg number among nests is lower. This more equal distribution of eggs in densely vegetated habitats could be due to a lower variation among males in mating success, or to habitat-dependent frequencies of egg consumption, egg stealing or sneak fertilisation homogenising the distribution of eggs among nests in densely vegetated habitats. Of these possibilities, reduced variation among males in mating success is the most likely explanation, because increased vegetation reduces the opportunity for mate choice by reducing visibility and mate encounter rate. Variation in egg stealing and sneak fertilisation are less likely to explain the result because of their generally low frequency. Further experimental work is required to determine the causes and consequences of the habitatdependent distribution of eggs among nests.
Introduction
Natural selection proceeds in interaction with the environment. The individuals that are best adapted to the environmental conditions pass most alleles on to the following generations (Darwin, 1859) . Sexual selection is a subset of natural selection and similarly works in interaction with the environment. Factors such as predation risk, energy limitation and prevalence of parasites determine the strength of competition for mates and mate choice, the two components of sexual selection. For instance, mate choosiness decreases when the cost of choice increases due to increased predation risk or energy expenditure (Godin & Briggs, 1996; Jennions & Petrie, 1997; Luttbeg et al., 2001) , whereas the exaggeration of sexual displays decreases when the cost of displaying increases due to increased predation risk (Magnhagen, 1991; Candolin, 1997; Hedrick, 2000) , higher prevalence of parasites (Milinski & Bakker, 1990; Zuk et al., 1998) , energy limitation (Møller & de Lope, 1994; Kotiaho, 2000) , or increased socially imposed costs (Johnstone & Norris, 1993; Galeotti et al., 1997; Candolin, 1999) .
Human activities are currently altering habitats at a quicker pace than ever before. Little is known on how such activities will affect sexual selection, one of the major evolutionary forces. Eutrophication is a serious environmental problem throughout Europe, with notorious effects in the North Sea and the Baltic Sea (Bonsdorff et al., 1997a, b) . Eutrophication causes changes in the species composition of benthic algae, in particular by increasing the growth of filamentous algae at the expense of slow-growing macroalgae. This in turn alters the composition and dynamics of the littoral fauna community Bokn et al., 2002; Bonsdorff et al., 2002) . However, the long-term evolutionary effects that such changes may have on ecosystems are wholly unknown.
The three-spined stickleback Gaterosteus aculeatus breeds in shallow coastal waters where males establish territories and build nests (Wootton, 1976) . Males prefer to nest in vegetated areas concealed from predators and competing males (van den Assem, 1967; Jenni, 1972; Kraak et al., 1999; Dzieweczynski & Rowland, 2004) , which allows more vigorous courtship (Candolin & Voigt, 1998) . However, increased vegetation may reduce mate encounter rate due to lower visibility in dense algae growth (Candolin & Voigt, 2001 ). Thus, habitat structure could influence both the intensity of sexual displays and mate encounters and thereby sexual selection. As a first step in investigating the effects of increased habitat structure on sexual selection, I studied the variation in the distribution of eggs among nests in habitats differing in the density filamentous algae. The variation in the number of eggs among nests could indicate the intensity of sexual selection, with larger deviation from random variation indicating higher intensity of selection (Andersson, 1994) . This could arise from changes in the intensity of female choice or male-male competition. However, other factors than sexual selection could influence egg numbers, such as egg predation, and need to be considered when inferring the intensity of sexual selection from variation in egg numbers.
Method
Males nesting in habitats with different densities of algae were observed in a shallow bay near Tvärminne Zoological Station in the Baltic Sea in southern Finland (60 • N, 23 • E). Patches with different algae cover were selected and one male was arbitrarily selected from each patch by arbitrarily selecting a focal point within the patch and then selecting the closest territorial male as the focal male. Algae density was recorded by visually estimating the percentage of a 1 × 1 m area around the focal male that was covered by filamentous algae, mainly Cladophora glomerata. A scale from 0 up to 80% cover with 10% increments was used. Patches with different densities of algae were interspersed along the shore, at depths from 20-60 cm. In total, 45 males were sampled, 5 males from each of the nine categories of algae cover (0-80% cover).
The focal male was observed for 10 min and the size of his territory, the number of territorial males within the selected 1 × 1 m area, and the number of interactions with other sticklebacks, both males and females, were recorded. An interaction was defined as an approach by the male towards another stickleback that entered his territory, including approaches where the male did not swim all the way towards the intruder. Usually the intruding stickleback quickly left the territory when approached by the territorial male and only seldom was biting, chasing or courtship observed. The size of the territory was estimated as the area that the male defended against other sticklebacks. The boundaries were determined by observing the interactions of the male with neighbouring males and intruding sticklebacks; these boundaries were defined by the maximum distance from the nest at which the owner confronted and drove off would-be intruders. Territory size was approximated as length × width, since most territories stretched along large stones and were more rectangular than circular in form. Finally, the male was caught with a hand net and the tip of one of his dorsal spines was cut so that he could be recognised in the future. After marking, the male was released back into his territory. All males resumed normal territorial behaviours within 30 minutes.
Three to five days after first observing a territorial male, when the male had entered the parental phase, the male was caught with a hand net and measured for standard length. To determine mating success, the male's nest was collected and brought to the laboratory where the number of eggs were counted. For males that had disappeared since the first observation, mating success was set to zero.
The density of territorial males and the frequency of interactions with other fish were square root + 0.5 transformed before analyses. To test whether the measured variables changed with algae density, linear and quadratic regression was carried out. To test whether the variation among males in the measured traits changed with algae density, coefficients of variation, CV (SD/mean), were calculated for each algae density and changes in these coefficients were tested using linear regression.
Results
The density of territorial males increased with the density of filamentous algae in the habitat (Tables 1 and 2 , Fig. 1 ). At the same time the number of approaches by the territorial fish towards bypassing sticklebacks (interactions) decreased (Tables 1 and 2 ). The size of both the males and their territories showed a tendency to be larger at intermediate algae densities, but this was not statistically significant (Tables 1 and 2 ). The number of eggs in the nests did not change with algae density (Tables 1 and 2, Fig. 1 ).
Although the number of eggs in the nests did not change, the variation in the number of eggs among nests decreased with increasing algae density Fig. 1 . Mean ± SD density of territories around a focal male at different algae densities. Five males were sampled for each algae cover category. Fig. 2 . Mean ± SD number of eggs in nests at different algae densities. Five males were sampled for each algae cover category.
( Table 3 , Fig. 2 ). No significant changes in variance were detected for the other measured traits; the size of the male and his territory, territory density and frequency of interactions with bypassing sticklebacks (Table 3) . 
Discussion
The density of territorial males was higher in habitats with a denser growth of filamentous algae. However, the variation in the number of eggs among nests decreased with increased algae growth. This more equal distribution of eggs in more vegetated habitats could be due to (1) habitat-dependent egg mortality through predation or cannibalism, (2) habitat-dependent frequency of egg stealing and sneak fertilisation, or (3) less variation in mating success among males in densely vegetated habitats. The two latter possibilities imply that changes in vegetation structure could bring with it changes in sexual selection, through changes in the intensity or outcome of female mate choice and male-male competition, such as through changes in egg cannibalism, sneak fertilisations, courtship interruptions or courtship activity. Habitat-dependent egg mortality through predation or cannibalism could result in a more equal distribution of eggs in densely, as opposed to sparsely, vegetated habitats, if the variation in egg number among nests is reduced in densely vegetated habitats or increased in sparsely vegetated habitats. A few studies have found egg predation and cannibalism to depend on vegetation cover, with exposed nests being more susceptible (Sargent & Gebler, 1980; Whoriskey & FitzGerald, 1985; Mori, 1993) . However, whether a higher rate of egg disappearance in exposed areas results in increased variation among males in egg numbers is unknown. Filial cannibalism, with the father eating his own eggs, is a major source of egg disappearance in sticklebacks (FitzGerald, 1991; Candolin, 2000) . It is expected when the cost of caring for eggs exceeds the benefit (Sargent, 1992) , such as under poor food or oxygen conditions (Lindström, 1998; Payne et al., 2002; Lissåker et al., 2003) .
Whether the incidence of filial cannibalism varies with habitat structure is, however, unknown. More studies are needed to determine whether habitatdependent egg cannibalism and predation could contribute to the habitatdependent distribution of eggs among nests.
Habitat-dependent frequency of egg stealing and sneak fertilisation are unlikely to have had a large effect on the distribution of eggs among nests. Both behaviours are generally infrequent (Goldschmidt & Bakker, 1990; Rico et al., 1992; Foster, 1994; Largiader et al., 2001) , although the incidence in the present population remains to be determined. Whether the frequency of egg stealing and sneak fertilisations varies with the density of vegetation and contributed to the difference in the distribution of eggs is nevertheless worth investigating.
The last hypothesis, that the reduced variation in egg numbers was due to reduced variation among males in mating success could be true if increased vegetation reduced male-male competition (intra-sexual selection) or female mate choice (inter-sexual selection). Earlier studies by Sargent & Gebler (1980) and Sargent (1982) show that courtship intrusions by neighbouring males are more frequent in open habitats and influence female mate choice. Thus, increased vegetation could allow less attractive or less competitive males to mate because of less distractions from other competing males during courtship, which would relax the strength sexual selection (Sargent, 1982; Ward & FitzGerald, 1987; Candolin, 1999; Dzieweczynski & Rowland, 2004) .
The other scenario, of reduced variation in mating success due to reduced female mate choice in heavily vegetated habitats, could arise if the choosiness of the females, or the variation among males in the phenotypic traits used as cues in female mate choice, are reduced in more vegetated areas. Some support for reduced female mate choosiness in heavily vegetated habitats has been gained in an earlier study on the same population where the encounter rate with females increased when the structural complexity of a territory was reduced by removing stones overgrown by algae (Candolin & Voigt, 2001 ). This enhanced encounter rate in open areas might have arisen from improved visibility increasing the number of males that a female detected within a given time span. Thus, increased vegetation could reduce encounter rate with males and the opportunity of mate choice. On the other hand, the increase in the density of territorial males with algae density could 8 CANDOLIN counteract this effect by increasing encounter rates. Interestingly, the number of interactions with other fish decreased with algae density, suggesting a reduction in mate encounter rate with increased vegetation.
The habitat-dependent distribution of eggs appears less likely to be the result of habitat-dependent changes in the variation among males in phenotypic traits used as cues in female mate choice, since the variation among males in body size or territory size did not depend on habitat structure. A possibility remains, however, that variation in traits not investigated in this study, such as red nuptial coloration or courtship activity, changed with habitat structure. This is possible as a few studies have shown that males adjust their courtship activity to concealment from predators and rivalling males (Candolin & Voigt, 1998; Dzieweczynski & Rowland, 2004) .
Support for an effect of the habitat on sexual selection has also been gained in a study on another littoral nest-spawning fish, the sand goby Pomatoschistus minutus, where the potential for intra-sexual selection increased when the availability of nests for males was low, whereas the potential for inter-sexual selection increased when nests were common (Forsgren et al., 1996) . What long-term effects changes in the intensity of intra-and intersexual selection will have, for gobies, sticklebacks and other species, are unknown. Surprisingly little attention has been paid to the consequence that habitat changes may have on sexual selection. Research on cichlids fishes of Lake Victoria shows that eutrophication and increased turbidity of water interferes with mate choice and relaxes sexual selection, which in turn influences speciation (Seehausen et al., 1997) . The growth of filamentous algae is currently increasing along the coast of the Baltic Sea (Bonsdorff et al., 2002) , changing the breeding habitats of the stickleback. This study shows that this can result in a more even distribution of eggs, possible through a reduction in the intensity of sexual selection. Whether this will influence the further evolution of the stickleback would deserve more attention.
